Most intellectually normal children with focal epilepsy have partial complex or focal with secondary generalization seizures without a precise epilepsy syndrome. Their long-term outcome is largely unknown. Cases were identified from the population-based Nova Scotia Childhood Epilepsy cohort. Those eligible had seizure onset at 1 month to 16 years between 1977 and 1985, normal intelligence, 510 years of follow-up, only focal seizures and no benign epilepsy syndromes. There were 108 patients with partial complex with or without secondary generalization as the only seizure type(s) throughout (partial complex group) and 80 with secondary generalization as the only seizure type (secondary generalization group). Average age AE standard deviation at onset was 7.3 AE 4.5 years and follow-up was 27.9 AE 5.4 years. At follow-up, 57% of the partial complex group were in remission versus 81% of the secondary generalization group (P = 0.001). The partial complex group was more likely to be intractable or have undergone epilepsy surgery (36% versus 5%, P = 0.000). In the partial complex group, 28% had 55 years seizure free versus 5% in the secondary generalized group (P = 0.000). More patients in the partial complex group had undergone mental health assessments (59% versus 32%, P = 0.000), and 33% had a psychiatric diagnosis versus 15% in the secondary generalized group (P = 0.004). More patients with partial complex seizures had specific learning disorders (63% versus 45%, P = 0.03). Seven markers of poor social outcome were more common in patients with partial complex seizures (42 markers: 34% versus 10%, P = 0.000). During 25-30 years of follow-up, 450% of intellectually normal patients with childhood-onset partial complex seizures had difficult-to-control seizures and learning and psychiatric/social problems. Most with secondary generalized seizures only had remission and better academic and psychiatric/social outcomes.
Introduction
Seizure and social outcomes for children with epilepsy depend on many factors, including epilepsy syndrome, cause and co-morbidities (Camfield et al., 1993; Sillanpä ä et al., 1998; Shinnar et al., 2000; Wakamoto et al., 2002; Arts et al., 2004; Wirrell et al., 2011) . Focal epilepsy is more common in children than generalized epilepsy; however, most intellectually normal children with focal epilepsy do not have a specific epilepsy syndrome except for benign Rolandic and benign occipital epilepsy . The outcome is closely related to intellectual function-those with intellectual disability consistently have lower rates of remission (Camfield et al., 1993; Sillanpä ä et al., 1998; Wirrell et al., 2011) . The elegant study of Spooner et al. (2006) suggests that childhood-onset temporal lobe epilepsy is often intractable, particularly if a lesion is identified on MRI. For many children with focal epilepsy, the lobe of origin is unknown because the seizures are too infrequent for documentation on video-EEG or there is no potentially causative lesion on imaging that correlates well with EEG and seizure semiology (Dhamija et al., 2011) .
We present information from the Nova Scotia Childhood Epilepsy cohort to explore the impact of partial complex seizures on seizure, academic and psychiatric/social outcomes in mid-adult life. We focus on data that should be available in a routine clinical setting.
Materials and methods
Patients were selected from the Nova Scotia Childhood Epilepsy cohort. The development of this cohort has been described previously (Camfield et al., 1993; Camfield and Camfield, 2008) . In summary, the cohort is population-based and includes all children (aged 1 month to 16 years) who developed epilepsy (52 unprovoked seizures) between 1977 and 1985 in the province of Nova Scotia, which at that time had a population of $850 000. Cases were first identified from centralized EEG recordings, and then the diagnosis was confirmed by chart review and personal interview. We reviewed all patients who showed spike discharge on EEG, but also all patients who had a history or tentative diagnosis on the EEG request that raised the clinical possibility of epilepsy, even if the EEG was normal (e.g. 'loss of consciousness, cause unclear' or 'focal twitching'). Virtually all patients were seen for diagnosis and treatment by a child neurologist. All cases are incidence cases, but those who never received anti-epileptic drug treatment were excluded from further study. We have re-contacted the cohort several times over the final 25-30 years. For the current study, patients' charts were reviewed, and they and their parents, when possible, were interviewed personally by the authors by telephone between 2009 and 2012. Telephone interviews were scheduled away from the patient's work and other commitments, usually in the evening or weekends, and typically lasted at least 40 min. During the interview, we had a summary of the medical records and previous data available for confirmation. The range of responses to the questions was precoded.
To be eligible for this cohort, patients had to present to the medical care system and be referred for an EEG. Our previous studies have indicated that all physicians in Nova Scotia at the time of case ascertainment would request an EEG if the diagnosis of epilepsy was considered (Camfield et al., 1993) . Canada has a single-tier universal health care system, so there were no financial barriers for families.
For this study, entry criteria were focal seizures only throughout the clinical course, normal intelligence assessed clinically and confirmed by psychometric testing when available, no identified neurodegenerative disease or brain tumour and follow-up of 510 years. Seizure semiology and interictal EEG were used to exclude patients with a 'benign' focal epilepsy syndrome such as benign rolandic epilepsy or early-onset benign occipital epilepsy (Panayiotopoulos syndrome) or other well-defined genetic epilepsy syndromes such as autosomal-dominant nocturnal frontal epilepsy. Patients who had simple partial seizures as their only seizure type were excluded. Febrile seizures did not contribute to the epilepsy diagnosis.
Focal seizures were either partial complex or focal with secondary generalization. While there is a major effort underway to clarify terminology, we understand partial complex to mean a focal seizure with impairment of consciousness or awareness, often corresponding to the term 'dyscognitive' and without convulsive movements (Blume et al., 2001; Berg et al., 2010 Two groups were defined: (i) those with only secondary generalized seizures (SecGen seizures) throughout their clinical course; and (ii) those with partial complex with or without secondary generalized seizures (PCS). Few had video-EEG recordings of their seizures, therefore precise localization of seizure onset was usually not possible. In all cases, the interictal EEG either showed focal spikes, focal slowing or was normal. If the seizures were described as generalized tonic-clonic, they were only accepted as secondarily generalized if the interictal EEG showed focal findings or a focal, presumably causative, lesion was found on brain imaging. At the time our patients developed epilepsy, CT scanning was the only available brain imagining study. MRI was gradually introduced during the follow-up period, and if MRI was performed, the results were used to further categorize the epilepsy.
Ninety-three per cent of those with learning disorders had formal psychometric testing at school or at our hospital. The psychometric tests used varied at the discretion of the psychologist who was involved. Patients were diagnosed with a learning disorder if there was good evidence of overall normal intelligence plus specific areas of deficit that corresponded to low academic performance.
Intractable epilepsy was defined as failure of 53 anti-epileptic drugs for reasons of efficacy, no seizure-free periods of 46 months in the last year of follow-up, and 51 seizure/year in the final 3 years (Camfield et al., 1993) .
Remission was defined as being seizure-free at the end of follow-up for at least 3 years and no longer receiving anti-epileptic drug treatment for 52 years. Remission after the first continuous treatment period means that following diagnosis, anti-epileptic drug treatment was prescribed, and after 51 continuous treatments with anti-epileptic drugs, seizures stopped completely and anti-epileptic drug treatment was discontinued, with no recurrences during follow-up.
Data analysis used SPSS 15.0 for Windows. Comparisons for linear data used t-tests, and chi-squared test was used for categorical data. Statistical significance was set at P = 0.05. All significant comparisons found the PCS group to be more affected than the SecGen seizures group, and therefore, a correction for multiple comparisons was not used.
This study has been approved annually by the IWK Health Centre Research Ethics Committee.
Results
There are 692 patients with epilepsy in the overall Nova Scotia Childhood Epilepsy cohort. Table 1 outlines the distribution of eligible and non-eligible patients. There were 244 patients who met all the clinical entry criteria at diagnosis; however, 56 had 510 years of follow-up and were excluded. Therefore, 188 (74%) patients met all the entry criteria; 108 (57%) in the PCS group and 80 (43%) in the SecGen seizures group. The 56 patients with 510 years of follow-up did not differ significantly from the study group in seizure grouping [PCS: n = 31 (55%); SecGen seizures: n = 25 (45%)], age at onset, seizure type(s), seizure frequency, early rate of remission, the proportion with learning disorders or childhood behaviour problems. Deaths were rare (Camfield et al., 2002) . Before 10 years of follow-up, four of the 188 patients died (three in the PCS group, one in the SecGen seizures group), and in those with 410 years of follow-up, two additional patients died (one in the PCS group, one in the SecGen seizures group). Only one of these was from sudden unexpected death in epilepsy. Table 2 outlines the demographics. Male/female ratio was close to 50:50. The average age at onset AE SD was 7.3 AE 4.5 years (range: 1-16 years) for the 188 eligible patients and did not differ between the PCS and SecGen seizures groups. Follow-up averaged 27.9 AE 5.4 years (range: 10.5-42.3 years), with an average age at final follow-up of 35 AE 7.6 years (range, 12.5-47.8 years), again with no difference between groups. Information was obtained from the patient and parents in 62%, patient only in 19%, parents only in 8.5%, charts only in 9.5% and other sources in 1%. For 71 patients (66%) in the PCS group, partial complex seizures were the presenting seizures or recognized within the first 6 months of the diagnosis of epilepsy. For 37 (33%), PCS seizures were recognized after 6 months of the onset of SecGen seizures seizures. Only 27 (14%) of the eligible patients had PCS as the exclusive seizure type. Table 2 shows details about the seizure outcomes and emphasizes that the PCS group had considerably more severe epilepsy than the SecGen seizures group. All comparisons described below are statistically significant unless otherwise noted. Patients with PCS were more likely to use 42 anti-epileptic drugs during their clinical course (53% versus 14%), to have 4100 SecGen seizures throughout their clinical course (25% versus 7.5%) and to be continuing daily anti-epileptic drug treatment at the end of follow-up (43% versus 19%). Injuries from seizures were more common, mostly lacerations and fractures (12% versus 4%).
Remission was less frequent in the PCS group (57% versus 81%), although for those in remission, the length of time no longer receiving anti-epileptic drug treatment was the same. PCS patients were less likely to be seizure-free in the last year of follow-up (31% versus 4%) or to have ever attempted to discontinue anti-epileptic drug treatment during the clinical course (75% versus 93%). Nearly 30% did not achieve 5 years of seizure freedom with or without anti-epileptic drug treatment compared with 5% of the SecGen seizures group. They were more likely to have undergone epilepsy surgery (12% versus 3%), and at the end of follow-up, 24% of the PCS patients continued to have intractable epilepsy compared with 3% of patients with SecGen seizures. Table 2 also points out that the cause of epilepsy was unknown in 64% of cases, a proportion that did not differ between groups. Based on the available CT and MRI data, there was no difference in the rate of presumed causative structural lesions. Table 3 shows details about the academic, psychiatric and social outcomes. The PCS group was disadvantaged in each of these arenas. Again, the comparisons noted below were statistically significant unless noted otherwise. At school, the patients with PCS had more difficulties compared with those with SecGen seizures. They were more likely to have had formal psychometric testing (66% versus 48%), which identified more frequent specific learning disorders (63% versus 45%), and they were more likely to have extra help at school (69% versus 43%). They were marginally less likely to graduate from high school, although they had similar rates of post-high school education.
Emotional and behavioural outcomes were also less favourable for those with PCS. They were more likely to be considered a behaviour problem at school age (46% versus 24%), and throughout follow-up were much more likely to have attended a mental health service (58% versus 30%). The rate of Diagnostic and Statistical Manual of Mental Disorders (DSM) psychiatric diagnoses other than attention deficit/hyperactivity disorder was twice that of the SecGen seizures group (33% versus 15%), and use of a medication for mood or anxiety was 2.5-fold greater (35% versus 14%).
Social relationships were more restricted in the patients with PCS than those with SecGen seizures. Almost one-third were unable to identify a single close friend compared with only a few of those with SecGen seizures (30% versus 7.5%). In addition, they were considerably less likely to be married or living in common law at the end of follow-up (55% versus 71%). Of those with PCS, 18% were living alone versus 8% with SecGen seizures. Employment at the end of follow-up was less common in the PCS group (67% versus 76%), and as a result, more were receiving government assistance (21% versus 10%) for a mean of 12.5 years (range: 2-35 years). The PCS group was significantly more likely to be living below the poverty line for Canada in 2011 (48% versus 22%) (Department of Canadian Council on Social Development, http://www.ccsd.ca/factsheets/fs_ncwpl01.htmaccessed April 26, 2012).
Four Likert questions assessed life satisfaction. The questions were 'overall, how satisfied are you with how your life is going?, your friendships?, your work situation?, your extracurricular or social activities?' Possible answers were: very satisfied, modestly satisfied, somewhat dissatisfied and very dissatisfied. Patients with PCS were significantly less likely to be very or modestly satisfied with their overall lives, friendships and extracurricular social activities. We considered seven factors that may be interrelated but have high 'face validity' to indicate poor social outcome: no high school graduation, a pregnancy outside of a stable relationship (defined as 56 months), inability to name a single close friend, unemployment at the end of follow-up, a psychiatric diagnosis other than attention deficit disorder, a criminal conviction, no romantic relationships that lasted 43 months and living alone at the end of follow-up (Camfield and Camfield, 2009 ). Table 2 shows that the PCS group was much more likely than the SecGen seizures group to have 51 of these adverse factors and was particularly at risk for 53 (34% versus 10%).
To clarify the degree to which seizure and social outcome were influenced by the high rate of intractable epilepsy in the PCS group, we removed all patients from both groups who either had intractable seizures at the end of follow-up or had undergone successful epilepsy surgery. Results are noted in 58 (54) 31 (40) PCS n = 107 SecGen n = 77 NS (0.06) Behaviour problem at school age (%) 50 (46) 19 (25) PCS n = 107 SecGen n = 77 0.003 51 school suspension (%) 22 (20) 13 (17) PCS n = 107 SecGen n = 77 NS Arrested by police (%) 17 (17) 5 (7) PCS n = 100 SecGen n = 68 NS Criminal conviction (%) 12 (12) 3 (4) PCS n = 100 SecGen n = 68 NS Became pregnant or fathered a pregnancy (%) 52 (53) 46 ( that were no longer statistically different were as follows: no longer receiving anti-epileptic drug treatment at the end of follow-up, ever attempted to discontinue anti-epileptic drugs, seizures in last year of follow-up, hospitalization for seizures, injuries from seizures, MRI, video-EEG, cognitive psychology testing, regular school classes without extra help, a learning disorder, use of mood drugs, ever married or common law, employed and overall satisfaction with life, activities and relationships.
Variables that continued to be statistically different were average length of time seizure free, 55 years seizure free during follow-up, 4100 SecGen seizures, use of 42 anti-epileptic drugs, remission after the first continuous treatment period, a DSM psychiatric diagnosis, childhood behaviour disorder, assessment in a mental health facility, pregnancy outside of a stable relationship, no close friends, living alone, income below the poverty line and 53 major social difficulties.
There were only 27 patients who had PCS and no SecGen seizures, which makes statistical comparisons less meaningful; however, they did have worse seizure outcomes than the SecGen seizures group. Those with PCS only were statistically significantly less likely to be seizure-free in the last year of follow-up (19% versus 4%, P = 0.02) and more likely to use 42 anti-epileptic drugs (37% versus 14% P = 0.02) and have intractable epilepsy with or without epilepsy surgery (22% versus 5%, P = 0.02). The PCS-only group also had significantly less favourable social outcomes, with more behavioural difficulties in childhood (48% versus 24%, P = 0.03), a DSM psychiatric diagnosis (33% versus 15%, P = 0.04) and a greater proportion with 53 markers of major social difficulties (37% versus 10%, P = 0.003).
To justify our exclusion of those with mental retardation, we compared patients in our overall cohort with mental retardation and PCS AE SecGen seizures (n = 47) with those with normal intelligence and PCS AE SecGen seizures (n = 108). Those with mental retardation had more severe epilepsy. For example, they were significantly more likely to be continuing anti-epileptic drugs at the end of follow-up (77% versus 43%, P = 0.0001), use 42 anti-epileptic drugs through the clinical course (72% versus 53%, P = 0.02), have 51 episodes of status epilepticus (53% versus 21%, P = 0.0001), have 4100 SecGen seizures (47% versus 25%, P = 0.007) and end follow-up with intractable epilepsy (40% versus 24%, P = 0.04).
Discussion
In this population-based study, we found that normally intelligent children with PCS AE SecGen seizures often failed to achieve adequate seizure control and remission with anti-epileptic drug treatment compared with those with only SecGen seizures. Those with any PCS were likely to have many seizures, become intractable and undergo epilepsy surgery. Specific learning disorders and a struggle with school work were more common. During follow-up, unemployment rates were higher, and a family income below the Canadian poverty line was more likely. Markers of serious social difficulties were more common in the PCS group than in those with SecGen seizures only. Even those with PCS who were not intractable tended to have similar negative seizure and social outcomes.
We excluded patients with mental retardation plus PCS from our study because their epilepsy is more severe (Camfield et al., 1993; Sillanpä ä et al., 1998; Shinnar et al., 2000; Wakamoto et al., 2002; Arts et al., 2004; Wirrell et al., 2011) . In addition, Table 4 Outcome of patients without intractable epilepsy or epilepsy surgery 8 (11) 1 (1) PCS n = 75 SecGen n = 76 0.02 Mean longest seizure-free period after diagnosis AE AED treatment, years 18.9 AE 9.3 22.8 AE 7.8 PCS n = 75 SecGen n = 76 0.006 Never had 5 consecutive years seizure free after diagnosis (%) 7 (9%) 1 (1%) PCS n = 75 SecGen n = 76 0.03 A DSM psychiatric diagnosis other than ADHD (%) 23 (31) 15 (20) PCS n = 75 SecGen n = 76 NS A DSM psychiatric diagnosis including ADHD (%) 36 (48) 21 (28) PCS n = 75 SecGen n = 76 0.01 Remission after first continuous treatment period (%) 37 (49) 52 (68) PCS n = 75 SecGen n = 76 0.02 Behaviour problem at school age (%) 34 (47) 17 (24) PCS n = 72 SecGen n = 71 0.005 Became pregnant or fathered a pregnancy (%) 42 (57) 45 ( it may be difficult to distinguish PCS from atypical absence in patients with severe intellectual handicap. The social outcome for patients with mental retardation is also hard to compare with patients who are potentially capable of an independent adult life (Miller and Chan, 2008) . Our desire was to define the outcome for the larger, more clearly recognized group-those with PCS and normal intelligence. There are few studies for comparison. A famous study from Oxford (UK) identified 100 children with temporal lobe epilepsy (Lindsay et al., 1980) . It is unlikely that this study was populationbased because many patients were referred. The definition of temporal lobe epilepsy relied heavily on interictal EEG. All patients had partial complex seizures, and 88% also had 'grand mal' seizures. With follow-up into adulthood, 21 of 37 patients (57%) with a childhood IQ 490 had a good outcome: they were 'able to support themselves socially and economically; seizure free and not receiving anticonvulsant medication', In the state of Victoria, Australia, a study of 64 children with temporal lobe epilepsy showed that 19 (30%) had remission of their epilepsy during a median of 13.7 years of follow-up (Spooner et al., 2006) . Ninety-four per cent had partial complex seizures, and 14% had secondarily generalized seizures. The authors noted that remission did not occur spontaneously in the 38% with structural temporal lobe abnormalities on MRI. Educational and social outcomes were not reported. Comparison with our study is complicated, as not all of the Victoria patients had normal intelligence, and we are unsure how many of our patients had temporal origin for their seizures.
In the very long (430 years) follow-up study of childhood epilepsy from Turku, Finland, there were 117 incidence cases (Sillanpä ä et al., 1998) . Forty-three patients had PCS, of whom 35% had remission and no longer received anti-epileptic drug treatment at the end of follow-up. Of the 20 patients with PCS and no known cause for epilepsy, 55% had remission, strikingly similar to the 57% remission rate in our study. For the Turku cohort, comparison data for those with SecGen seizures were not reported, and social outcome was not specifically compared with seizure type.
A case series of 29 children with PCS, most of whom already had intractable epilepsy at ascertainment, suggested that seizure and social outcomes were typically unsatisfactory (Kotagal et al., 1987) . Only four (14%) had a spontaneous remission of seizures during an average of 14 years of follow-up. Patients with 'medically responsive' PCS were more likely to be socially successful than the group with intractable epilepsy. We have confirmed the particularly grim social outcome for those with intractable seizures (PCS or SecGen seizures) but still found significant problems in those who might be considered 'medically responsive'.
Another case series of 29 referred children with PCS found that over 55 years of follow-up, four (14%) had spontaneous remission, and a further eight (28%) had successful epilepsy surgery (Szabó et al., 2001) . The authors noted 'school difficulties, behavior problems, and unemployment were seen in half the group'.
In the Dutch Childhood Epilepsy cohort study with a 5-year follow-up of 453 patients, 49 (11%) had PCS (Arts et al., 2004) . The number with normal intelligence was not specified, but only 29% with PCS had terminal remission 41 year. In a subsequent article that describes the 15-year follow-up, PCS are not specifically mentioned (Geerts et al., 2010) .
Our study has some significant limitations. We gathered information from medical/physician records and personal telephone interviews with patients and families. It is unclear whether other methods such as face-to-face interviews or mailed questionnaires would have provided different information. MRI was regrettably available in only 25% of cases, and video-EEG in 23%. Both of these investigations would have allowed more accurate localization for seizure onset, possibly earlier epilepsy surgery and comparison with publications that address specific temporal lobe epilepsy. More MRI studies might have identified more subtle causative lesions, although the percentage of patients in our cohort with a known cause (36%) is very similar to two large cohort studies that included MRI (Berg et al., 2011 . The actual diagnosis of epilepsy remains clinical, regardless of investigations, with the exception of EEG if an actual seizure is recorded. The value of video-EEG and MRI to predict the adult outcome of childhood-onset epilepsy may be excellent but has yet to be extensively studied. Is an MRI lesion more important than the clinical observation/history of partial complex seizures in determining the outcome of focal epilepsy in children? We are not able to answer this question; however, based on our study, there can be little doubt about the importance of partial complex seizures. Two large cohort studies that included children with many types of epilepsy and varying degrees of intellectual and neurological disability in one-third to one-half of cases found an MRI lesion to be a predictor of seizure outcome; however, both studies found that $30% of those with an MRI lesion still achieved remission with medical treatment alone (Berg et al., 2011; Dhamija et al., 2011) . Apparently, an MRI lesion alone does not accurately predict outcome.
Our previous statistical analysis of data from this cohort suggested that survival analysis may not be applicable, again making comparison with other studies less satisfactory (Camfield et al., 1993) . We did not use any standardized quality-of-life instruments to measure social outcome, although the social markers that were assessed are reasonably objective and easily identified in the clinical setting. We focused on children with PCS and found them to have more difficulties than those with SecGen seizures. It is important to note that a smaller but substantial number of those with SecGen seizures also had serious seizure and social difficulties.
Our study is observational and does not explain why patients with PCS have higher rates of persistent seizures and social difficulties. We speculate that most PCS seizures originate in the limbic system, which intrinsically produces more resistant seizures than other parts of the brain. The preponderance of resistant temporal lobe epilepsy in adults provides some support for this speculation. Then either the cause of the seizures or the seizures themselves alter the limbic system to interfere with social relationships. Again, studies in adults with epilepsy suggest that temporal lobe epilepsy is particularly likely to be associated with psychopathology.
We conclude that normally intelligent children with PCS with or without SecGen seizures form an easily defined group of children with epilepsy. They are compelling candidates for early intensive treatment for their seizures and educational/social habilitation. Without more successful early intervention, $25% have intractable epilepsy and 430% have numerous social difficulties by mid-adult life. Even without intractable epilepsy, social disability is common and deserving of intervention.
